workers Sheikh & Porter, 2009) .
Needlestick injuries and other health care worker exposures to bloodborne pathogens have received more attention in the literature than other nosocomial illnesses and injuries in India. Researchers have reported that 33% to 75% of Indian hospital staff sustain at least one needlestick injury annually (Kermode, Jolley, et al., 2005; Simon, 2009; Singru & Banerjee, 2008; Tetali & Choudhury, 2006) . Across these research studies, the three main causes of needlestick injuries continue to be re-capping needles, disposal of sharps, and intravenous (IV) starts. Safety needles and sharps containers commonly used in hospitals in developed countries are not widely available in hospitals in India; thus, the disposal of needles presents an especially salient hazard for Indian health care professionals (Richard, Kenneth, Ramaprabha, Kirupakaran, & Chandy, 2001) . Nurses suffered the majority of needlestick injuries in these studies. Physicians, especially surgeons, were also noted to have many sharps injuries related to suturing and surgery. Environmental services staff also experienced a significant share of needlestick injuries, which usually occurred from needles piercing waste bags and then injuring workers.
Needlestick injuries cause seroconversions to bloodborne diseases such as hepatitis B, hepatitis C, and HIV in health care workers around the world. The likelihood of seroconversion to a given bloodborne disease has been shown to significantly diminish when gloves are worn at the time of injury (Bennett & Howard, 1994; Mast, Woolwine, & Gerberding, 1993) . Unfortunately, providing the proper equipment to implement Universal Precautions (e.g., donning nonporous personal protective equipment such as gloves, goggles, and face shields to prevent body fluid exposure) is too expensive for many hospitals in developing countries such as India. Thus, the World Health Organization (2002) estimated that 90% of the 150,000 health care workers exposed to hepatitis C, 70,000 health care workers exposed to hepatitis B, and 500 health care workers exposed to HIV infections percutaneously will contract the disease in developing countries.
Nurses and other occupational health professionals in India appear to be at high risk for occupational injuries. This article describes an assessment of the occupational hazards experienced by staff at a charity hospital in northern India, and subsequent interventions based on that assessment.
SETTING
Generally, hospitals in India are either public or private. The types of services provided and compensation offered vary by hospital type. Public hospitals typically provide health services for free or at very low cost; private hospitals, usually for profit, provide a variety of services in terms of both quality and breadth (Purohit, 2001) . A 60-bed private hospital established by a charitable trust in 1985 was the site for this case study. The hospital is located in a northern India city with a population of approximately 1.5 million. The goal of a charity hospital such as the one in this study is to provide health services similar to those offered by private institutions in India at a discounted rate (David, Vasnaik, & Ramakrishnan, 2007) .
The hospital houses a busy emergency department and offers outpatient services as well. Approximately 40 registered nurses are employed by the hospital, with the nurse-to-patient ratio varying widely based on department and shift. In the two medical and surgical wards, each nurse may care for up to 10 patients on the day shift; the nurses in the one intensive care unit usually cared for only one or two patients at a time. The hospital also employs 15 health care technicians, most of them in operating suites. Twenty environmental services workers also staff the hospital, and 25 to 30 physicians see patients at the hospital. In addition to the health care services offered to local residents, the charitable trust also operates a Nursing School on the premises alongside a "Paramedic School," which provides surgical and other health technician education. These students spend their clinical hours at the hospital.
In the summer of 2010, the management of the hospital invited the primary author to act as an occupational health nurse consultant for 6 weeks. On arrival at the hospital, administrators met to determine consultation goals. Initially, the medical director was most interested in correctly separating and disposing of biomedical waste created at the hospital; however, following additional discussions regarding occupational hazards to Indian health care workers, the medical officers and administrators agreed to investigate occupational health issues at the hospital.
OBSERVATIONS OF WORK PRACTICES
The consultant's first week in the hospital was spent observing work practices and interviewing staff members. The consultant observed all hospital areas, paying specific attention to needle and syringe practices. The staff were interviewed regarding practices such as handwashing, donning personal protective equipment, disposing of health care waste, and understanding occupational health risks. The Table provides the results of the observations and interviews. Interestingly, the consultant did not observe any health care workers physically transferring or repositioning a patient; this was generally the duty of the patient and family. Thus, the issue of musculoskeletal injuries resulting from patient handling is not included in the Table. 
MEETING WITH ADMINISTRATORS TO DISCUSS POTENTIAL PROGRAMS
The results of the primary author's observations were brought to the hospital administrators, knowing that remediation would be cost-prohibitive for many of the identified concerns and would require dramatic changes in practice, often difficult to achieve in any work setting. Also challenging was the reality that an outsider with short tenure had administrative support to give priority to identified worker health and safety issues. Although both hospital administration and health care workers were responsible for occupational health and safety, the institution's cultural norms appeared to favor individual workers' responsibility for their own protection and any health care costs or resulting loss of work from an injury. In contrast to this perceived cultural norm, hospital administrators knew the institution was responsible for complying with Indian biomedical waste laws. To leverage the administrators' concern about waste compliance and the identification of occupational health and safety needs, the primary author proposed to design and implement a sharps containment program to work synergistically with the biomedical waste program to protect hospital workers.
PROGRAM DEVELOPMENT
A focused occupational health intervention to reduce injuries at the point of sharps disposal and improve compliance with biomedical waste was developed in several iterative phases. First, administrators met to analyze the results of the work practice observations and interviews and decide on a mutually acceptable plan for program development. Second, an Internet and literature search was completed to determine best practices for the program.
Third, plans were developed to create a biomedical waste and sharps containment program.
To identify the rules for biomedical waste in India, a search of Indian government websites was conducted. The Bio Medical Waste (Management & Handling) Rules were enacted in 1998 as part of the Environment (Protection) Act (Delhi Pollution Control Committee, n.d.). The rules provide guidelines for the treatment of different types of waste. For example, incinerable waste includes human anatomical wastes and items contaminated with blood and body fluids (e.g., dressings, casts, or bedding); incinerable waste should be segregated in yellow nonchlorinated plastic bags for incineration. Plastics (e.g., IV tubing and empty solution containers) should be stored in red bags and then sterilized and shredded to prevent reuse in health care settings. In addition, all sharps (e.g., needles, glass, and scalpels) should be contained in clear puncture-proof containers at the site and then shredded in a manner similar to plastics (World Health Organization, 2005) . Administrators and hospital workers had differing views on the specifics of the biomedical waste laws, and how best to manage the disposal process. The waste disposal company, with whom the hospital contracted to remove the biomedical waste, supplied the hospital with five different colored plastic bags, but use appeared to be inconsistent within the hospital. The waste company provided the hospital with a poster on segregating waste; however, the poster was displayed in an area accessed by the environmental services workers of the hospital, not the rest of the health care team. The environmental services workers spoke Hindi and most had limited reading abilities; the poster was in English and did not include pictures demonstrating which type of waste corresponded with different colored plastic bags. In addition, the workers who were able to read and understand the poster's message were not authorized to direct or train other hospital workers in proper disposal.
To better understand how Indian hospitals implemented these biomedical waste laws, the primary author visited the city's four major hospitals. The 1,200-bed university hospital did not have a program to divide biomedical waste streams; all waste was combined in one trash container. Two large public hospitals in the area did separate biomedical waste according to the Bio Medical Waste Rules. An area Institute of Mental Health and Hospital had an on-site autoclave, incinerator, and shredder to dispose of biomedical waste. This is a 173-acre complex with capacity for 718 inpatients and a busy outpatient department. Although most of the facilities used a type of needle destroyer in outpatient areas where injections or vaccinations were given in a single location, none of the facilities disposed of sharps safely at the bedside.
At the case hospital, no budget line was identified to implement the sharps containment program; any solution had to be at no cost. The Internet was searched for lowcost solutions to prevent needlesticks and other sharps injuries. Most of these solutions carried a cost-burden of either safer needles, such as auto disable needles, or relatively expensive self-sealing sharps receptacles. The World Health Organization (2006) recommends using puncture-proof plastic containers that can be sealed (e.g., used plastic bottles) when other options are not affordable or available.
PLAN DEVELOPMENT
After the biomedical waste laws were reviewed, the next steps were to ensure proper containers and bags were available in each area and staff education was offered. As noted earlier, many of those responsible for maintaining a clean environment and emptying the waste had limited reading skills; therefore, the education program was multi-pronged to reach more staff and ensure the education was understood. This program included offering the education in several ways, using graphics and text to convey messages, and meeting individually with each environmental services worker.
The initial plan for sharps receptacles was to use expended plastic mineral water bottles. Two advantages of this solution were identified: the bottles are clear, thus complying with Indian laws regarding sharps receptacles, and the bottles are plentiful because plastics were not recycled. Although abundant, the problem with freestanding plastic bottles is the risk of overturning them and discarding the contents on the floor. To remedy this problem, various marketplaces were searched for suitable vessels to hold empty bottles up to three quarters full of sharps, at which point the bottles could be sealed and placed in the trash. A metal bucket used for carrying milk appeared to be a sturdy vessel to hold the drained bottles; a plan was developed to fasten them at the bedside for ease of use.
After the initial design was selected for the sharps containers, several employees of the hospital were approached to solicit feedback on the design. The facilities department manager suggested using empty plastic containers of IV solutions instead of drinking water bottles. This proposition improved the initial design in three ways. First, the IV bottles were easily available. After a bottle was emptied, a hole was cut into the top of the bottle for the sharps. Second, by cutting holes in the top of the IV bottles, the bottles were effectively destroyed and could not be scavenged from waste dumps and sold back to pharmaceutical companies to be re-filled with IV solutions (Patwary, O'Hare, & Sarker, 2011) . Third, the medical and other department directors supported removing containers from the medical device stream so the chance of contaminated IV fluids in hospital supplies was lessened. A nursing supervisor suggested that the metal milk buckets were highly desired by those served by the hospital and thus at risk of being stolen. A method was devised to clamp the buckets into place so they could not be easily removed.
PROGRAM IMPLEMENTATION
The program was implemented in two phases. First, the biomedical waste program was implemented, educating the workers to properly segregate the different forms of waste. Second, the sharps containment program was implemented.
Biomedical Waste Program
The first task was to alert the staff to the issue of biomedical waste. Initially, a meeting was held with the charge nurses from the various wards, the wardmasters, and the medical directors to discuss which bags to use for each type of item. The staff were then quizzed to assess their knowledge during and after the discussion. The ward leaders were tasked with sharing this knowledge with other staff members on each ward. During the following week, education was provided on all shifts to ensure that all staff understood the biomedical waste disposal system. Education was emphasized for the environmental services staff, because these workers are responsible for emptying the waste containers and refilling them.
Although education was provided face-to-face, written and pictorial information about biomedical waste was posted around the hospital. The staff assisted with translating the government posters from English to Hindi, and suitable graphic images were found and used to inform the staff who could not read of the biomedical waste color coordination. These posters were then hung in every area with a waste bin. After a week of evaluating the waste containers to confirm they each contained the correct type of waste, the administrators were satisfied that the rules regarding biomedical waste had been generally adopted by the hospital staff.
Sharps Containment Program
The sharps disposal buckets were each labeled with blue writing in Hindi to describe what should be placed in them, a warning sign with the international symbol for biohazardous material, and pictures of needles, broken glass, and scalpels. Per Indian decree, metal and glass biomedical waste was placed in blue waste containers; thus, blue signage was used for the sharps containers. The metal containers were fastened to a stool-like structure between each hospital bed (Figure) . Resting on top of each of these structures was a universal pan used as an emesis basin and receptacle for used gauze, tape, and other waste created at the bedside. The sharps buckets were bolted to the structures using pipe clamps. Several hours after the first buckets were bolted down, a patient's family unscrewed and removed one of the buckets. After this loss, the fasteners on the remaining sharps containers were bent so the containers were more difficult to remove.
After the receptacles were installed at bedsides throughout the inpatient and emergency departments, the next step was to place disposable containers in each of the metal buckets at the bedsides. The supply of drained IV containers far outpaced the need to place empty bottles in each bedside sharps container; therefore, the environmental services workers collected enough drained IV containers for the entire hospital within 2 hours. The environmental services workers were then instructed on the handling and management of sharps containers. They were instructed to dispose of the drained IV bottles in the proper receptacle once they reached three quarters capacity. Administrators secured a storage location for the excess supply of drained IV bottles.
The final step was to educate the nurses and physicians about the new sharps containment program. Again, education was provided on all shifts in all departments. The education campaign included the components of the sharps containment program, the epidemiology and hazards of bloodborne diseases among health care providers, and principles of safe sharps handling.
DISCUSSION
As companies and industries become increasingly international, occupational health nurses may be expected to administer occupational health services in settings other than their home countries. Local perceptions of employers' responsibilities for occupational injuries can vary. Although international industries operating in developing countries may adhere to local laws governing occupational hazards, often in addition to laws from the originating country, many local workers and administrators may not be aware of these laws or mechanisms for complying with these laws. The commitment and knowledge of local administrators to maintain workplace safety is essential for any occupational health and safety program.
In the case of the intervention described in this article, Indian biomedical waste laws are detailed and complex, making it difficult for administrators to comply with laws to protect health care workers from needlestick injuries. When the laws were described to them, with an achievable intervention, administrators were interested in the program but mindful of the competing pressures of ensuring the fiscal solvency of a small charitable hospital. The bedside sharps receptacle intervention was possible because only a minimal initial investment was required, after which no further cost to the hospital was incurred.
Similarly, occupational health nurses working in the United States and other developed countries must be aware that international workers may be accustomed to different occupational health practices and assumptions of professional role and responsibility. If workers are from countries where occupational health laws are either non-existent or unenforced, they may be unaware of work-related expectations in developed countries. For example, immigrant workers may be hesitant to report any injury occurring at a job site for fear of losing their jobs, based on their experiences in their home countries.
Strengths
In 1999, according to NIOSH, approximately one third of needlestick injuries occurred after use and during disposal. This finding was before mass implementation of puncture-resistant containment devices and safety needles throughout the United States. As U.S. hospitals more completely adopted these practices and devices, this proportion decreased to one fifth of needlestick injuries occurring at disposal (Perry, Jagger, Parker, Phillips, & Gomaa, 2012) . If the safer sharps disposal program at the case hospital is successful over time, the staff could expe- rience significant decreases in needlestick injuries similar to health care workers in the United States. A formal program evaluation was not possible because no baseline data on needlestick injuries at the hospital existed and no post-intervention data were collected due to the brief tenure of the consultancy. However, administrators and surgical staff at the hospital informed the authors that the sharps containment program was still being correctly used by the staff 1 year after implementation.
The sharps injury reduction program described in this article has four distinct strengths in its design. First, the program is sustainable and has no additional cost after the initial purchase of the metal containers to hold the used IV solution bottles. Low cost is essential for a charity hospital with no budget to regularly purchase receptacles for used sharps. Second, used IV solution bottles are taken out of circulation, with less risk of contamination and resulting bloodstream infections for the end consumers. Third, the sharps containment program was developed with administration priorities to comply with other Indian biomedical waste regulations. This program would not have been successful without administrative support. Similarly, the sharps containment program was developed with staff input. When workers have influence on occupational programs and initiatives, they are more likely to comply with these programs (Goldenhar, LaMontagne, Katz, Heaney, & Landsbergis, 2001) .
Limitations
The sharps containers designed and used as described in this article are not as safe as self-closing and sealable containers available in U.S. hospitals. U.S. sharps containers have a latch mechanism that protects workers when they place sharps in the container. When contain-ers are full, they are sealed so the contents do not pose potential risks to workers. Although this type of sharps container is most desirable for any hospital setting, the cost of the self-closing containers is prohibitive for many hospitals in India. To furnish the entire case hospital with these containers, the daily cost would approximately pay the hospital's entire nursing work force each day. Because the containers designed in this study do not self-close, the risk of needlestick injuries remains after disposal; however, the containers are designed to minimize, not eliminate, the risk of injury.
The sharps injury reduction program may not continue at the hospital. Although the medical director maintained authority for the program, it was unclear if a particular individual or department would ensure continuance of the program. At this time, the hospital does not have a safety department or safety officer. Because of this lack of a designated employee to oversee health and safety programs, the future of this program is unknown. However, the employees involved with the process were highly engaged and interested in worker health and safety, and hospital administrators did report compliance 1 year after implementation.
1 Health care workers in India are at high risk for bloodborne diseases. Safety devices for needles and safe sharps disposal products are too expensive for many hospitals in India to purchase. 2 A sustainable intervention to minimize the risk of needlestick injury was developed and implemented through collaboration with local employees and research into similar interventions.
3 Local input and acceptance were critical to the success of this occupational health intervention.
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